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/. ABSTRACT 
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A technique for determining the coefficient of friction of various 
materials used in magnetic tape formulation is discussed. Results a r e  
obtained which show the increased possibilities of profiling friction char- 
acterist ics of these materials by the use of a device which allows of ac- 
curate, continiwcs measurement of static friction. 
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The coefficient of friction of some materials varies sufficiently with their environment to be 
used as an indicator of the physical stability of the material. A major impediment to the 
evaluation of materials'  characterist ics at high temperature has been an inability to  obtain 
numerical measurements of their  physical properties. 

I 
, 

DEVELOPMENT OF A MAGNETIC-TAPE 
STATIC FRICTION TESTING DEVICE 

The basic device is capable of measuring static o r  kinetic friction. However, the preliminary 
efforts have been directed towards the measure of static friction. 

I 
Figure 1 is a drawing of the test device. A sample of tape is clamped at the upper end to the 

active end of the cantilever spring containing a strain gage. The strain gage spring is mounted to 
the moving member of a motor-driven lead-screw mechanism. The tape, with a precision weight 
secured to  the lower end, is suspended over a rounded-face metal block. Various film materials 
can be wrapped around the metal block and held in tension by a weight. For  tape-to-metal test, of 
course, the block can be constructed of the metal desired. A thermocouple is embedded in the 
metal block close to  the tes t  surfaces. 

by 
P. T. Cole 

Coddard Space Flight Center 

INTRODUCTION 

Conventionally, the coefficient of friction is treated as a constant for  a given combination of 
materials. For  many spacecraft design applications the variation of the friction coefficient must 
be considered. The materials of interest  in this report a r e  the various combinations of materials 
used in magnetic tape formulations. 

Recent tape friction testing at GSFC has yielded new information, and also a possible test  
procedure which should facilitate obtaining knowledge relevant to tape behavior with respect to its 
environment. This procedure is based on the hypothesis developed by Warren Clement of the Je t  
Propulsion Laboratory that static friction testing of tape, after i t s  being exposed to heat, may 
provide a measurement of physical stability and resistance to wear (Reference 1)- 
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DESCRIPTION OF TEST DEVICE 
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Figure 1 -Drawing of the static friction testing device. 

MEASURING TECHNIQUE 

Static friction (limiting friction) is normally determined by the measure of impending motion 
when all conditions of equilibrium of limiting friction and impending motion are satisfied. Since 
impending motion is an applied force without motion but of sufficient force to cause motion, the 
force measured when motion ensues is assumed to  be the value of impending motion. Previous 
static-friction measuring devices either directly or  indirectly have measured the force when 
motion occurred. This has  resulted in a one-shot measurement of static friction, since, once un- 
controlled motion ensues, the conditions of equilibrium are not satisfied. The goal for  this test- 
ing device was to achieve continuous measurement of static friction without resetting, readjustment, 
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or handling of the tes t  samples. It was  felt  that this  could be achieved with the tes t  sample in 
continuous motion, provided that the tes t  sample velocities were extremely low. This theory is 
supported by Jerkin's  experiments (Reference 2) which showed that kinetic friction inrrnzscs as 
velocity decreases, and passes  without discontinuity iiito iiat of static friction. Since no numeri- 
cal  guide ! k e s  were available, it was necessary to establish a suitable velocity by empirical 
means to achieve continuous static measurement. 

Test  results indicate that a relative velocity in  the order of 0.0001 ips  is adequate to achieve 
sustained static friction measurement. When the moving member of the lead screw mechanism 
(Figure 1) is moved upward at this ra te  during tes t  conditions, the strain gage output wi!l rise to 
a maximum value and remain there. It is felt, at least for  practical purposes, this is where the 
coefficients of kinetic and static friction have assumed the same value. 

The strain gage output is amplified, cali- 
brated, and recorded to represent the force in  
ounces. This results in the direct  measurement 
of the friction load plus the suspended weight. 
The coefficient of friction for  this configuration 
is derived by the following analysis. 

Figure 2 shows the relationship between 
the belt tensions and the angle subtended by the 
belt active a rc  as shown by the equation 

where I-L = coefficient of friction. 

Solving for  k ,  

Whenthe ratio T,/T, reaches a maximum value 
the angle P reaches a maximum value and is 
equal to  the angle a .  Thus 

The above relationship applied to the friction 
testing device discussed herein and shown i n  
Figure 3 yields 

/%LYESTERWhere: T ,  =force on tight side ( 0 2 .  ) 
/ FILM 

DRIVING 
PULLEY 1 

T, = force on slack side( 02. ) 

a =angle subtended by the 
belt arc of contact 
(radians) 

p =angle subtended by the 
belt active arc (radians) 

I 
T2 

Figure 2-Pulley-belt free body diagram. 

P = force of spring gauge (02 .  ) 
W =  precisian weight ( 0 2 .  ) 
a = angle subtended by the 

tape arc of contact 
( radians) 

W 

Figure 3-Friction testing device equivalent 
to pulley-free body diagram. 
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TI  = P ,  

T, W = c o n s t a n t  , 

and 

In (+) 

If the angle I is set  equal to one radian and the value of w is selected at one oz. the equation 
further reduces to 

where pnlnx is measured i n  oz. 

The test device can be operated i n  a controlled environmental chamber. The static friction 
of magnetic tape and other materials can now be measured with reference to varying environ- 
mental conditions. Tests discussed i n  this report  have been limited to friction measurements of 
magnetic tape at temperatures from 20 "C to 120 "C. 

TEST RESULTS 

Test results a r e  presented for the purpose of illustrating the friction versus  temperature 
profiling capability of the device. Detailed analysis of the data will  not be attempted at this time. 
However, some preliminary results will  be presented. 

Figure 4a is the result of a polyester film-against-film test  plotted in t e rms  of coefficient of 
static friction versus temperature. Figure 4b is the manufacturer's data for  the same fi lm, 
plotting tensile strength versus temperature. The two curves are presented to show a possible 
correlation between friction and tensile strength. The documented data fo r  tensile strength vs. 
temperature indicate a "transition temperature" at approximately 80 "C. Note that the coefficient 
of friction curve slope changes radically at about the same temperature. 
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Figure b-Coeff ic ient  of static fr ict ion versus tempera- Figure 4b-Tensi le strength versus temperature for same 
polyester f i lm as i n  Figure 40. ture for polyester f i lm against polyester film. 

Figure 5 represents a commercially available instrumentation magnetic tape. The tape w a s  
tested in the conditions of (a) oxide against backing and (b) oxide against aluminum. Note the 
profile difference for the two conditions. The oxide-to-backing curve displays a very high peak 
at 75°C which is assumed to be caused by the binder material. Also, it is noted that in the 
region of 100°C to 120°C the curve is very similar to the polyester film-to-film curve. 

Figure 6 shows the results of a second commercial instrumentation tape. Note the leveling 
off of the friction between 100°C and 120°C. Visual inspection of this tape at elevated tempera- 
tu res  revealed that the oxide was very easily removed from the backing and had a dry powdery 
consistency. 

I I I I 
20 40 60 80 100 120 

TEMPERATURE ( "C)  

Figure 5-Commercial tape showing coefficient of static 
fr ict ion versus temperature for (a) oxide against backing 
and (b) oxide against aluminum. 
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Figure 6-Commercial tape showing coefficient of static 
friction versus temperature for oxide against backing. 
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Four different instrumentation grade tapes have been tested so far. They all display a 
distinct change in friction in the region of 55°C to 60°C. In addition, the friction of all tapes 
when tested oxide to backing, increased at least 80 percent at 100" C. These observations are 
believed to  be very significant when related to our experience with endless-loop satellite re-  
corders.  I t  has been determined, by testing and operational practice, that reliable loop recorder 
operation can be maintained only when the ambient temperature is limited to 50°C. 

CONCLUSIONS 

There is sufficient evidence from th is  initial effort to indicate that "static friction versus  
environment" testing will be a useful measure of the physical stability of magnetic tape and some 
other materials. This evidence does indeed support Clement's ear l ier  conjecture. A detailed 
study and analysis of friction tes t  results, and correlation with other physical parameters, a r e  
required to determine the full utility of the continuous tes t  method. 

A suitable, continuous static friction test  device can be refined from this basic concept. The 
profiling of friction characterist ics with reference to  temperature and various atmospheric con- 
ditions can thereby be accomplished easily and routinely. 
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